This paper investigates how different types of data from psychoacoustical experiments may be combined to render further knowledge about the mechanisms underlying sound perception. Two studies were conducted with auditory alerts of short duration. First, an experiment where participants rated the dissimilarity among the auditory alerts was performed. This resulted in a two-dimensional multi-dimensional scaling solution. Second, an experiment where participants evaluated the stimuli with semantic descriptors and rated their emotional reactions to the sounds was performed. The output of this experiment was a reduced set of underlying perceptual and emotional dimensions. The results of the two experiments were then integrated by the use of multi-dimensional perceptual unfolding and a set mediation analyses. The integrative analyses showed that part of the cognitive categorization of the semantic descriptors was mediated by the emotional reactions to the sounds. The results are discussed in relation to theories of auditory perception and emotional response categorization.
I. INTRODUCTION
In traditional psychoacoustics the emphasis has for a long time been to establish the perceptual determinants for the physical parameters in sounds. For example, Grey ͑1977͒ studied the dimensions of how timbre in music instruments are perceived and noted that, e.g., the distribution of spectral energy, spectral fluctuation, and presence of low-amplitude high-frequency energy in the initial attack play a role in how we categorize different aspects of timbre. Other studies have examined how changes in fundamental frequency, pitch, harmonics, etc., impact identification ͑Pollack and Ficks, 1954; Graham, 1999͒ , the perceived level of urgency ͑Edworthy et al., 1991; Burt et al., 1995; Haas and Casali, 1995͒ , the learnability of its meaning ͑Ballas, 1993; Keller and Stevens, 2004͒, the perception ͑Repp and Knoblich, 2007; Warren and Verbrugge, 1984͒, and categorization ͑Gygi et al., 2007; Dubois, 2000͒. In perception and categorization of sound, an important role is played by the content features of the sound ͑i.e., psychological associations to the sound producing source͒. Gygi et al. ͑2007͒ examined categorization of environmental sounds and showed that there were physical aspects that played a part in categorization but also that sounds from similar sources were categorized together. This has also been shown by Dubois ͑2000͒ where the participants more often categorized the sounds based on the sound source rather than the physical attributes. Genell ͑2008͒ meaning-neutralized environmental sounds by means of frequency smearing using different window lengths and frequency bands. This procedure thus retained psychoacoustical features of the sound, but made the source unidentifiable. The result of the study showed that overall, content, rather than form, appeared to have the biggest impact on emotional reactions. This appears to be the same for visual stimuli where categorization is done rather by function than by surface features ͑Guastavino, 2007͒.
The basis for why people group objects together is based on either structural ͑perceptual͒ or functional similarity. Structural similarity points to the underlying theory of the object whereas the functional similarity refers to how the objects are used ͑Halberstadt and Niedenthal, 1997͒. Another proposed definition of two aspects divides categorization into similarity and theory. In this approach, the similarity is the apprehended correlation between the physical aspects of the objects, whereas the theory based approach includes or supersedes the underlying idea or deeper structure of the objects ͑Niedenthal et al., 1999͒. In addition to the other grounds for categorization, a third aspect proposed is the affective or emotional response categorization. This was proposed by Bruner et al. ͑1956͒ who termed it "affective response categorization" ͑see Halberstadt and Niedenthal, 1997͒ . They referred to the "evocation of a defining affective response" ͑p. 1017, Halberstadt and Niedenthal, 1997͒ as the basis for categorization. Objects that elicit the same emotion are grouped together.
We argue that emotional categorization is an important aspect in how individuals categorize sounds, both environmental sounds and auditory alerts that are more of caricatures of naturally occurring sounds. Niedenthal et al. ͑1999͒ pointed toward that any emotional response can form the ground for a category; however, to test this it is beneficial to limit the amount of dimensions. A common approach is to use the two dimensions of valence and activation ͑or arousal͒ ͑e.g., Västfjäll, et al., 2002; Niedenthal et al., 1999; Russell, 2003; Feldman Barrett, 1998͒ . Valence is a basic dimension of all emotional responses and may account for between 50% and 60% of the variance in emotional responses. It ranges from negative over neutral to positive ͑Niedenthal et al., 1999; Västfjäll et al., 2003͒ . Activation is a second orthogonal dimension of experience that relate to how active versus passive the experience is. Activation often account for half as much variance as valence and ranges between activated to calm ͑Västfjäll et Niedenthal et al., 1999͒. A twodimensional model gives a more complete and parsimonious description of the basic building blocks of our emotional experiences. The actual experience ͑e.g., sadness͒ is a distinct feeling that can be described as a combination of these two dimensions ͑negative and low activation͒. Valence and arousal also have the advantage of being pan-cultural ͑Feld-man Barrett, 1998͒. Emotional response categorization has primarily been studied outside the auditory domain. In research on visual face perception, Niedenthal et al. ͑1999͒ showed that affective categorization was even more pronounced when being in an emotional state. A similar result was shown by Halberstadt and Niedenthal ͑1997͒ where the participants rated different emotional faces. Later studies of Nygaard and Queen ͑2008͒ showed that the emotional tone of a voice acts as an additional information source when categorizing and occurs relatively early in the processing of the spoken language.
Much of the previous research on auditory categorization has relied on one type of data ͑e.g., dissimilarity ratings͒ derived using one psychophysical method ͑e.g., pairwise comparisons͒. In this article, we will combine different methods of evaluating sounds and different types of data ͑percep-tual ratings, pair comparison, reactions, and physical descriptions͒. By doing this, we will hopefully shed further light on mechanisms underlying auditory perception and the basis for categorization of sounds.
The present paper will use auditory alerts as stimuli. Auditory alerts can be described as a "caricatures of naturally occurring sounds such as bumps, scrapes, or even files hitting mailboxes" ͑Gaver, 1986͒ and have an intuitive link to the event they describe ͑Graham, 1999͒. This makes them highly efficient in learning and retention processes. The use of auditory alerts in products and environments are increasing. There are good reasons for this; in visually complex environments, auditory information may be very beneficial ͑Burt et al., 1995͒. In general, auditory warnings also have a higher compliance level than the visual counterpart ͑Edwor-thy et al., 1995͒. Hearing is also omnidirectional and therefore cannot easily be shut off or ignored ͑Haas and Edworthy, 2006͒. But the increase in auditory alerts also increases the demands of the alerts. A review of auditory alerts in aircraft in 1990 showed that there were as many as 15 different auditory warnings, with no internal structure to provide assistance in learning as well as retention of the warnings ͑Patterson, 1990͒.
II. OVERVIEW OF PRESENT STUDY
The present paper aims at investigating some of the processes underlying auditory perception. To achieve this, two integrated analyses were conducted: a multi-dimensional perceptual unfolding ͑MDU͒ and a set of mediation analyses. For this purpose, inputs from two different experiments were used: ͑1͒ dissimilarity ratings and ͑2͒ semantic rating of sound stimuli. We integrate the outcomes of these experiments in an overall analysis with the hope to show that this additional analysis step will provide further understanding of the underlying perceptual processes. A MDU combines semantic evaluations with a multi-dimensional scaling ͑MDS͒ of dissimilarity ratings. The semantic evaluation then serves as a tool to the dimensions of the MDS.
The stimuli used in the two experiments originate from a development process for new information and warning sounds intended for use in a vehicle. The auditory alerts had different levels of importance and urgency, from "information" to "severe warning." The sounds were approximately 3 s long ͑s.d. 1 s͒ and loudness equalized ͑Zwicker ISO, 532B͒.
The first experiment uses dissimilarity ratings in order to obtain a multi-dimensional scaling of the stimuli, free of the restrictions imposed by predetermined scales or response criteria. When rating dissimilarities between complex sounds, listeners are only able to focus on a limited number of parameters ͑Miller and Carterette, 1975͒. MDS is therefore an efficient tool to distinguish the prevalent or dominant perceptual features of stimuli. A preference mapping was also conducted. Preference mappings may sometimes facilitate the interpretation of the dissimilarity ratings ͑Clark et al., 2001͒. Dissimilarity ratings were analyzed using the individual difference scaling ͑INDSCAL͒ model. The INDSCAL model assumes that all participants share the same psychological space but attends differently to the underlying psychological dimensions ͑Ashby et al., 1994͒. An advantage with the INDSCAL model is that it provides a unique configuration solution that requires no further rotation of the model ͑Mar-tens and Zacharov, 2000͒. The analysis resulted in a twodimensional solution without clear interpretation of the dimensions solely based on knowledge of the stimuli.
In the second experiment, the same auditory alerts were mapped with perceptual ratings of various semantic attributes. The attributes included both physical properties and psychological properties of the stimulus. In addition to evaluating the sound attribute ratings, participants were asked to rate their affective reactions to the sounds ͑measure-ment procedure and rationale described later͒. The results were first analyzed separately with regard to if the participant could differentiate the sounds. 14 of the 15 items and the affective ratings met this request. A factor analysis of the remaining 14 items resulted in five different factors; these were interpreted as describing emotional reactions, complexity of the sound, size of the sound source, and the ecological validity.
The results from the two experiments were then combined in the MDU and mediation analyses where the dimensions from the MDS solution were related to the dimensions from the factor analysis and ratings of emotional reactions.
III. EXPERIMENT 1
The aim of the first experiment was to perform a multidimensional scaling of a set of 13 auditory alerts. Multi-dimensional scaling is a commonly used tool to reduce the number of parameters and to distinguish the more salient ones. It also has an advantage in not requiring previous assumption regarding the possible underlying dimensions. Several techniques to do this have been developed ͑Caclin et al., 2005͒. In this experiment, the participants performed pairwise ratings of dissimilarities between the different auditory alerts using a sliding scale. They also performed a preference mapping. In total, 78 pairs of sounds were presented in a half matrix design to 11 participants. This was then analyzed with the INDSCAL method. An advantage with the INDSCAL model is that it provides a unique configuration solution that requires no further rotation of the model ͑Martens and Zacharov, 2000͒.
The participants were not aware of the sounds being auditory alerts when rating them and were only asked to rate differences and preference. The preference of the sounds shall therefore not be interpreted as preferred sound for the warning level they represent but a general preference ͑or dis-preference͒. It can thus be expected that the lower warning levels should be more preferred than the higher levels of warnings.
A. Participants
11 students participated in the test, 7 male and 4 female. All tested for normal hearing. The average age was 25.9 years.
B. Design

Stimuli
The sounds were 13 auditory alerts, sounds 1-13 in Table I . The sounds were 3 s long ͑s.d. 1 s͒ and all adjusted to equal loudness ͑Zwicker ISO, 532B͒. The stimuli varied in five different levels of urgency and information. The first level is called "information;" there is new information somewhere, no immediate reaction needed. The second level is "advice;" the listener is recommended to do something, i.e., put on the seat belt. In the third through fifth level, something has happened but the required action differs. The third level is called "caution;" when possible, due to traffic, action is required. The fourth level "warning" requires some kind of action as soon as possible. The fifth level "severe warning" requires immediate reaction, i.e., brake the car. The design of the different auditory alerts was done by three different designers ͑each assigned a concept number, see Table I͒ in a development process of new icons to be used in vehicles. Within a concept, some of the sounds have similarities in regard to, e.g., timbre and pitch of tonal components. The sounds were created to be used as mono-sounds and in the experiment the participants listened to the same sound in both ears.
The auditory alerts were presented in a half matrix design, npairs= nsounds͑nsounds− 1͒ / 2, thus resulting in 78 pairs of sound. The limiting factor of the design was the test length.
Set up
The dissimilarity ratings and the preference mapping were performed by the use of a computer interface ͑Lise͒ in MATLAB ͓developed by Rioux ͑2001͔͒. The stimuli were presented through electrostatic headphones ͑STAX Lambda͒, fed through a digital soundcard ͑RME͒ and a professional D/A converter ͑Lucid͒ to a STAX amplifier.
Procedure
The participants were individually tested in a soundattenuated room with no visual distractions. The participants were first welcomed and given a set of demographic questions and were tested for normal hearing. Before the listening test, they were instructed in how to perform the test. The participants were asked to listen to the sounds and rate the level of difference between them. The ratings were conducted on a slider ranging from different to similar. In addition to the rating, they had to decide which sound of the pair they preferred. The preference ratings were done on radio buttons. The participant had full control over the playback rate and, if needed, they could repeat the sounds within the present pair but not go back to the previous pair.
The results of the dissimilarity ratings were processed and analyzed according to the INDSCAL model for multidimensional scaling.
One of the participants did not comply with the instructions and was therefore removed from the analysis. Data were visually inspected before analyses and it was determined that all remaining participants discriminated between sounds or groups of sounds.
The analysis resulted in a multi-dimensional scaling with two dimensions. The result had a fair goodness of fit ͑normalized raw stress of 0.093͒ according to Kruskal ͑1964͒ ͑see Fig. 1͒ .
In the first dimension of the MDS solution, tendencies to discriminate based on sharpness were evident. Variation in the second dimension suggests that discrimination is based on inter-onset intervals, repetition, as well as roughness. Taken together, however, the interpretation of the two dimensions from the available data appeared ambiguous. Additional types of data may, however, help to better understand why the sounds were rated as similar/dissimilar.
The result of the preference mapping was analyzed by the method of Bradley-Terry-Luce ͑BTL͒ ͑See Wickelmaier and Schmid, 2004͒. The BTL-method results in a ratio-scale assuming a linear preference. See Fig. 2 for a summary of the result.
C. Result
The overall results of the first study are that the different stimuli were perceptually discriminated. The preference ratings also indicate that sounds of lower "urgency," the information and advice alerts are more preferred than the warning alerts. This may be expected since these sounds lower in urgency were intended to be less annoying and more informative. Participants rated the sounds without knowledge of Note: IOI= inter-onset interval, ons= onset, and offs= offset the intended usage as in-vehicle alerts. It may therefore be concluded that the design scheme applied was relatively successful. However, the dissimilarity ratings were only partly based on physical sound properties. Clusters can be seen for the different "concepts" where the sounds partly share same physical properties, e.g., concept II. It is, however, from the MDS solution alone, difficult to interpret the results and find the most salient parameters.
IV. EXPERIMENT 2
Experiment 2 aims to further investigate the perception of the auditory alerts. In this experiment, we used semantic characteristics that included both physical properties of the sounds and psychological properties that possibly could be linked to the sounds ͑see Table II͒. The items were formulated by a panel of five expert listeners ͑from the fields of psychoacoustics and psychology͒ that reviewed the sounds. Based on their experience and a previous pilot MDS, they formed 15 items.
Individuals may, however, use other aspects than auditory sensations to categorize, label, or interpret their experiences. As previously argued, we believe that the emotional responses may be an important part of auditory perception and a mechanism underlying categorization of sound ͑Niedenthal et al., 1999͒. Auditory stimuli tend to provoke strong emotional reactions ͑Bradley and Lang, 2000͒ and it is therefore likely that participants may use their emotions as decision criterion when rating the similarity among auditory alerts. For this reason, we assessed the emotional reactions to the sounds. Participants thus also rated their level of experienced valence and activation when listening to the sounds. The stimuli were 19 auditory alerts, the 13 previously used in experiment 1 and another 6 that formed a fourth concept of auditory alerts, concept IV. Twenty-six participants participated. Each rating was first analyzed separately to see if the participants discriminated between the sounds and then a factor analysis was conducted.
A. Participants
26 participants, 12 men and 14 women, participated in the experiment. All participants were tested for normal hearing. The average age was 25.5 years old, ranging between 21 and 33 years.
B. Design
A panel of five expert listeners ͑including two of the present authors͒ in psychoacoustic and psychology listed the most prominent features in the auditory alerts described in Table I . They listened to the alerts, and to their assistance they used a pilot MDS obtained in a previous experiment with the same sounds. They listed both physical properties of the sounds and psychological aspects that could be linked to the sound. These topics include tempo, level of information, and experienced sound size; see Table II for a full description of the items. Affective ratings were also conducted in the test using the paper and pencil version of the nine-point selfassessment manikin scale ͑SAM-scale͒ ͑Fig. 3͒ ͑Bradley and Lang, 1994; see Västfjäll and Gärling, 2007 for a recent validation using a similar sample as the present one͒. The SAMscale measures the dimensions of valence and activation.
Stimuli
The sounds used in the experiment were 19 auditory alerts ͑see Table I͒ ; apart from the 13 used in experiment, another concept ͑from a fourth sound designer͒ was added to the stimuli list, concept IV. This concept includes more ecological alerts than the first three concepts and was therefore deemed not suitable for the dissimilarity ratings of experiment 1. The sounds were 3 s long ͑s.d. 1 s͒ and all adjusted to equal loudness ͑Zwicker ISO, 532B͒. The stimuli originated from a development process of new icons to be used in vehicles. The stimuli varied in six different levels of urgency and information. The first level is called information; there is new information somewhere, and no immediate reaction needed. The second level is advice; the listener is recommended to do something, i.e., put on the seat belt. The third level "serious advice" has a similar meaning as advice but with a higher level of urgency. In the fourth through sixth level, something has happened but the required action differs. The fourth level is called caution; when possible, due to traffic, action is required. The fifth level warning requires some kind of action as soon as possible. The sixth level severe warning requires immediate reaction, i.e., brake. Within a concept, some of the sounds have similarities with regard to, e.g., timbre and pitch of tonal components. The alerts were created to be used as mono-sounds and in the experiment the participants listened to the same sound in both ears.
Apparatus
The listening test took place in a room with low background noise ͑Ͻ20 dBA͒ without any identifiable sound sources. Sound-absorbing black screens were placed around the listening position, forming a booth. All apparatus were placed outside the room. The stimuli were presented through electrostatic headphones ͑STAX Ear speakers, SR lambda Signature͒, with a Lucid DA9624 D/A converter. The software for the presentation of the sounds was Microsoft PowerPoint 2003, controlled by the participant.
Procedure
The participants were individually tested in a soundattenuated room. The participants were first welcomed and given a set of demographic questions and tested for normal hearing. After that, they were instructed in how to perform the test. The two affective and descriptive ratings were done in separate blocks where half of the participants begun with the affective ratings and the other half with the descriptive ratings. The participants were allowed to listen to the sounds several times and in their own pace. They were asked to go with the first feeling of the sound and not peruse it.
C. Result
First, separate analyses of variance ͑ANOVAs͒ were conducted on each semantic attribute and on the affective ratings to test if the participants discriminated between the sounds. Greenhouse-Geissers' corrected F-value was used for all analyses to correct for possible unequal variance ͑vio-lation of sphericity͒. For item 11 ͑Do you perceive the sound source to be close or far away from you?͒, the participants did not separate the sounds from each other and the item was therefore removed from further analysis ͑see Table III͒. The remaining 14 items were analyzed in a factor analysis resulting in four different factors, ͑see Table IV, including the previously omitted item that did not substantially change the factor solution͒. The number of components was determined by the Kaiser criterion: the individual factors should account for at least the variance of a single variable, i.e., a restriction of eigenvalue greater than 1 ͑Kline, 1994͒. The components explained 66% of the variance present.
Interpretations of the principal component attached to each of the four factors are perceived pleasantness, complexity, size of the sound source, and the ecological validity of the sound.
The first component includes shrillness, dissonance, sound level, musicality, sound attack and level of attention demand and could be summarized into the feeling of pleasantness when hearing the sound. Since it concerns auditory alerts, one may also interpret it to be the urgency or potency of the sounds. Item 3, the shrillness of the sound, has a natural link to pleasantness following the psychoacoustic definition of sensory pleasantness of Zwicker and Fastl ͑1990͒. The softer the sound is perceived to be, the more pleasant it is rated. The inclusion of perceived sound level ͑item 5͒ follows the same reasoning, as sound level also is a part of the psychoacoustic definition of sensory pleasantness. In this context, it is, however, more likely that sounds perceived as pleasant are also perceived as less loud as the sounds are loudness equalized. The first component also includes item of dissonance and musicality ͑items 2 and 8͒, the more dissonant and less musical a sound is, the less pleasant. It should be noted that this is the participants' perception of dissonance, not a musical analysis or whether partials are present within the same critical band ͑Plomp, 1967͒. The sound attack ͑item 14͒ could be included in the perceived pleasantness of the sound as an abrupt beginning of the stimuli may be considered as a threat or cause an unpleasant startle response. As the factor analysis showed that also the sound decay has a link to the pleasant component, we argue that it is better linked to the perceived size of the sound ͑component 3͒. The final item included in component 1 concerns the perceived attentional capture of a sound. Another benefit of using emotional responses as a guideline for sound design is the cognitive association ͑imagery or episodic memory͒ to the sounds may show substantial inter-individual variation ͑Guillaume and Roberts, 2007͒. It is possible that by creating the emotional response the different possibilities in what sound could mean to the listener could be narrowed down. An attention demanding sound is more intrusive and therefore considered as less pleasant than a non-attention demanding sound.
The second component deals with variations within the sound or the presence of different parts in a sound. Item 6 regarding the dynamics of the sound represents the variation, whereas item 13 concerns the complexity that represents how many different aspects are present within the sound.
The third component relates to the perceived size of the sound source and includes the brightness, the size, the tempo, and the sound decay. A presence of higher frequencies ͑a bright sound͒ is more often associated with smaller objects than larger objects, e.g., a squeak of a mouse vis-à-vis the sound of an elephant. Item 15 was a direct question about the perceived size of the sound. The tempo of the sound ͑item 4͒ is also often linked to object size, e.g., a pendulum. Finally, the decay of a sound is prolonged in bigger objects ͑item 1͒.
The fourth component deals with the ecological validity of the sound. Ecological sounds contain information of the sound source in itself or information given to a certain sound, like speech. Ecological sounds are well known to have a strong communicative power ͑Gaver, 1993͒, and it is therefore a logical link between the reminiscence of the sound ͑item 10͒ and the level of information in the sound ͑item 9͒.
The affective ratings showed distinct differences between the different levels of urgency ͑see Fig. 4͒ : valence-F = 57.999, p Ͻ 0.001; activation-F = 71.696, p Ͻ 0.001. Pair-wise comparison showed that the higher urgency levels differed from the lower levels for both valence and activation. No significant differences between information and advice levels were, however, found for neither valence nor activation.
V. INTEGRATED ANALYSES
The results from experiments 1 and 2 both rendered results of interest for design of auditory alerts. By an additional analysis combining the results from the experiments, we hope to further understand the underlying perceptual processes behind the responses in experiments 1 and 2. This will be done by MDU and a set mediation analyses.
In a MDU, the semantic evaluation from experiment 2 is combined with the MDS and preference mapping from experiment 1. The underlying semantic dimensions serves as a basis for interpreting the MDS dimensions. The semantic scale evaluation and the preference mapping are integrated with the MDS solution by means of regression analysis. In this way, the MDU will help highlight salient parameters used for the dissimilarity rating. The MDU helps in interpreting the dimensions of MDS and to understand what in the stimuli is relevant for the perception. However, to investigate underlying mechanisms, mediation analyses are beneficial.
The advantage of mediation is that it provides a more detailed understanding of the relations among different variables and explains how and why two variables are related. MacKinnon and Fairchild ͑2009͒ formulated it: "The promise of mediation analysis is that it can identify fundamental processes underlying human behavior that are relevant across behaviors and contexts" ͑p. 16͒. Mediation occurs when there is a causal relationship between an input variable and the outcome, and this relationship could be explained by an intervening variable. The requirements for a variable to function as a mediator is thus that the variations in the input variable significantly account for the variations in the mediator and that the variations in the mediator significantly account for the variations in the output ͑Baron and Kenny, 1986͒ The semantic descriptors used in experiment 2 may account for the variations in the multi-dimensional scaling provided in experiment 1 through a mediator. We argue that an often neglected mechanism in perception and categorization of sound is the emotional reaction to the sound. In the mediation analysis, we will therefore analyze whether part of the cognitive responses to the semantic descriptors are me- diated by emotion. The emotional reaction to the sound was measured by account of valence and activation in experiment 2.
A. Multi-dimensional perceptual unfolding
Multi-dimensional scaling is a beneficial method to evaluate and to locate the salient parameters of sounds. It reduces the number of dimensions to otherwise complex data. It also has an advantage in not requiring previous assumption regarding the possible dimensions ͑Caclin et al., 2005͒. However, it has a clear limitation in the interpretability of the dimensions created. The multi-dimensional perceptual unfolding solves this by the use of attribute ratings for each stimulus, i.e., humans are used as an analysis system by their responses ͑Sköld, 2005͒. Attribute ratings are integrated with the multi-dimensional scaling and serves as an interpreter of the dimensions. Within the field of psychoacoustics, this method has primarily been used with attribute ratings such as preference of sounds. The preference of sounds is of assistance when evaluating the perceived sound quality ͑e.g., Martens and Zacharov, 2000; Västfjäll et al., 2004; Sköld et al., 2004͒ . In present case, the stimuli of this study are auditory alerts designed with different levels of urgency, which makes the level of preference of less interest. The auditory alerts of higher urgency levels will have a lower level of preference than the auditory alerts of lower urgency. This MDU will therefore focus on the semantic scale evaluation of the sound, rated by naive listeners in the second experiment.
The process of a multi-dimensional unfolding follows four steps. The first three steps contain the semantic scale evaluation done in experiment 2, the mapped perceptual space done by the multi-dimensional scaling in experiment 1, and the mapped preference done in experiment 1 ͑See Fig. 5 for a graphic description͒. The fourth step synthesizes the results of the semantic scale evaluation and the preference mapping ͓together with traditional instrumental psychoacoustic parameters if they provide relevant data ͑Sköld, 2005͒ to the results of the multi-dimensional scaling by the use of regression analysis͔.
Each of the four factors from experiment 2 is thus used as regressands in a multiple regression and the two dimensions from the MDS-analysis are the regressors. The regression coefficients for each dimension serve as coordinates in the multi-dimensional space. 
B. Mediation
Mediation occurs when there is a causal relationship between an input variable and an outcome, and this may be explained by an intervening variable. That is, the requirements for a variable to function as a mediator are that the variations in the input variable significantly account for the variations in the mediator and that the variations in the mediator significantly account for the variations in the output ͑Baron and Kenny, 1986͒. In line with our hypothesis, this would imply that there is a causal relationship between a physical descriptor and the perceptual space of the sound ͑the MDS͒ and this may be explained by the emotional reaction to the same sound.
A mediation model may be depicted as three causal chains: ͑1͒ The direct impact of the input variable on the output, ͑2͒ the impact of the input variable on the mediator, and 3͒ the impact of the mediator on the output ͑see Fig. 7͒ . A direct measured mediation occurs when there is a significant connection between the input variable on the output and, when the mediator is added to the regression, the significance of the input variable on the output variable disappears. If there is an a priori belief of a small or suppressed effect size of the input variable, the variations in the input variable do not have to significantly account for the varia- quirements for an indirect mediation to occur are as follows. ͑1͒ The variations in the input variable significantly account for the variations in the mediator. ͑2͒ The variations in the mediator significantly account for the variations in the output. A figure of an indirect mediation is shown in Fig. 8 .
With the two above regressions, we may assess the reduced association between X and Y when adding M. If the reduction is significant, there is a significant indirect mediation. The significance of the reduction is measured by a z-test where the reduction is divided by its standard error. The reduction is the product of the regression coefficient ␤ a ‫ء‬ ␤ b ͑Muller et al., 2005͒. The standard error can be calculated in numerous ways. In this article, we will use one of the more strict methods developed by Aroian ͑1947͒, also known as the Sobel method ͑popularized in Baron and Kenny, 1986͒ :
The multi-dimensional scaling showed that there exist several parameters that affect the appearance of the perceptual space. Auditory alerts are complex sounds including several physical descriptors. It is therefore reason to believe that the effect size is small or suppressed for each descriptor. Due to this, we investigate whether there exists an indirect mediation of emotion from the perceptual ratings done in experiment 2 to the multi-dimensional scaling conducted in experiment 1. The 14 items and the two different mediators each form a mediation model for the two dimensions. In each dimension, 28 different mediation models will be thus tested for mediation. After steps 1 and 2 in the requirements for indirect mediation was conducted, 14 potential mediation models remained ͑see Table V͒. Of the 14 potential indirect mediations, 9 were found to be significant.
In dimension 1, one of the perceptual ratings was indirectly mediated by activation, the perceived sound level. In dimension 2, a total of eight mediation models were significant. The items indirectly mediated by valence were sound decay, dissonance/harmonic, shrill/soft, musical structure, and sound attack. The items indirectly mediated by activation in the second dimension were dissonance/harmonic, shrill/soft, musical structure, and sound attack. For Z-values see Table V .
VI. CONCLUSIONS
This research set out to shed further light on the underlying mechanisms in the perception of sound. Previous research has mainly focused on one type of data ͑e.g., dissimilarity ratings͒ derived using one psychophysical method ͑e.g., pair-wise comparisons͒. We argue that it is necessary to integrate different data to reach a further knowledge in perception of sounds. In the present study, we have conducted two kinds of experiments: ͑1͒dissimilarity ratings in combination with preference mapping and ͑2͒ semantic ratings and emotional reactions.
The two experiments were first analyzed separately and then combined with each other. The combination included a multi-dimensional perceptual unfolding and a mediation analysis.
The results of the dissimilarity ratings show that there are some clusters based on the temporal and semantic ratings ͑of the psychoacoustic parameters listed in Table I͒ . The participants also seemed to discriminate sounds based on sharpness ͑dimension 1͒ and on the inter-onset intervals, repetition, and roughness ͑dimension 2͒
In the second experiment, the participant rated the semantic characteristics and their emotional reactions to the sounds. A factor analysis was conducted on the semantic ratings and the parameters were reduced to four main components. These were interpreted to be ͑1͒ perceived pleasantness or, urgency/potency of the sound; ͑2͒ the complexity of the sounds; ͑3͒ the perceived size of the sounds; and ͑4͒ the ecological validity of the sound.
The second part of this paper integrated the results of these experiments and made a combined analysis. The first analysis was a MDU. The result of the MDU ͑see Fig. 6͒ both provides assistance in what the parameters for the perceptual categorization behind the dissimilarity ratings were and also show which parameters that do not interfere with each other. The latter is of great importance in the design of sounds.
Two main concerns when designing auditory alerts are to make the listener understand what to do and when to do it. To design sounds with unambiguous meaning is perhaps the most important task in auditory warning design but still the cognitive response linked to sounds is not clarified. Edworthy and Hellier ͑2006͒ suggested that abstract sounds can be interpreted very differently depending on the many possible meanings that can be linked to them, and in large depending on the surrounding environment and the listener. Several studies, however, embrace an ecological approach to the design of auditory icons and by that increasing the informational content of the sound ͑Gaver, 1993; Keller and Stevens, 2004; Ballas, 1993͒ . The second concern in design of auditory icons is when to react, the urgency of the sound. Urgency is both a cognitive and emotional sensation with the function of motivating behavior ͑Scherer, 2001͒. Much of the previous research has focused on this as a measure of the effectiveness of the design ͑Haas and Edworthy, 2006͒. Haas and Casali ͑1995͒ showed that warning sounds with higher perceived urgency produce faster response times, a measure relevant for many real-life actions in working environments ͑i.e., braking or pushing the correct button͒. In the multi-dimensional perceptual unfolding figure ͑Fig. 6͒, we can see that the urgency or potency ͑F1͒ and the ecological validity ͑F4͒ are almost perpendicular which implies that they are not perceptually categorized together. This implies that when designing auditory alerts, it is possible to increase the urgency level as well as the ecological level independent of each other.
It should be noted that two of the principal components of the semantic evaluation ͑F2, complexity, and F4 ecological validity͒ had not a significant regression in the MDU. This may be due to the small variation in the stimuli used in the study, but it may also be that they are of important for categorization of the sounds used in the present study. Future research should further address this issue.
The second integrated analysis of the results of the two experiments was a mediation analysis. Where the multidimensional perceptual unfolding provided assistance in interpretation of the salient parameters, the mediation goes deeper and finds the underlying mechanisms. Mediation has been widely used as a way to find explanations of how and why two variables are related in fields such as psychology ͑MacKinnon and Fairchild, 2009͒. We argue that one of the underlying mechanisms in perception of sound is the emotional response ͑see also Niedenthal et al., 1999͒ . The mediation model was thus designed to test if the semantic descriptors of experiment 2 were mediated by the emotional responses to the same sounds on the perceptual dimensions provided from experiment 1. The results of the analysis provided partial support for this hypothesis.
For the first dimension of the multi-dimensional scaling, the experienced sound levels were mediated by activation. This is in line with the primary interpretation of experiment 2; as the sounds were loudness equalized, participants recall their experienced feelings when judging the physical property ͑in this case loudness; for conceptually similar results see Neuhoff, 1998; Tajadura et al., in press͒. For the second dimension, five different semantic items were mediated by valence and/or activation: the sound decay, the level of dissonance, the shrillness, the musicality, and the attack of the sound. In the factor analysis, these were clustered in the same component ͑1͒ interpreted as perceived pleasantness or urgency or potency ͑Item 1 was sorted in component 3 but had a strong connection with component 1͒. In line with these results, a previous study on auditory alerts and auditory icons has shown a high correlation between urgency and activation as well as valence, suggesting that urgency is a combination of high activation and unpleasantness ͑Sköld, 2008͒. Also Cabanac ͑1992͒ suggested that the emotional reaction is a common currency with which the urgency, behavioral significance, and needed action will be evaluated against.
The aim of the present study was to show how integrated analyses could provide further knowledge in perceptual categorization and emotional responses but the results also provide direct implication in theories regarding design of warning sounds. The MDU showed that the ecological validity ͑what the sound means͒ and the urgency level ͑when to react͒ are unrelated in terms of perceptual categorization. Further, the mediation analyses showed that urgency is mediated by the emotional responses to the sounds, measured with valence and activation. This suggests that it is possible that some of the perceptual or cognitive responses typically obtained in psychoacoustic experiments are, in fact, based on emotional responses. Future research should further address this possibility for other contexts.
In the present context, these results suggest that design improvement of warning sounds should include considerations of the induced emotional response as well as the perceived ecological validity of the sound. A possible benefit of using emotional responses as a guideline for sound design is the cognitive association ͑imagery or episodic memory͒ with the sounds that may show substantial inter-individual variation ͑Guillaume and Roberts, 2007͒. It is possible that by creating the auditory-induced emotions, the different possibilities in what a sound could mean to a listener could be limited.
